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RESULTS OF TESTS USING A 9.92-SCALE MODEL (89-Crrs) OF 

THE SPACE SHUTTLE 1NTM;RATED VJBICLE IN THE AEDC 

16-~0m TRANSORIC PROWISION WIND " N E L  ( I A 1 5 6 A )  

J, J. Daileda and J. Marroquin 
Rockwell In te rna t iona l ,  Space Systems Group 

ABSTRACT 

An experimental  inves t iga t ion  (Test  1 ~ 1 5 6 ~ )  was conducted i n  the  

Arnold Engineering Development Center 1 6 - ~ o o t  Transonic Propulsion Wind 

Tunnel from November 1, 1.977 through November 19, 1977. 

The ob jec t ive  of  the  t e s t  was t o  obta in  f o r c e  and moment d a t a  on a l l  

vehic le  elements ( o r b i t e r ,  ex te rna l  tank, and each s o l i d  rocket b o o s t e r ) ,  

w i n g  and v e r t i c a l  t a i l  load ind ica tors ,  elevon and rudder  hinge moments, 

and base and body f l a p  pressure data. 

Data were obtained i n  t h e  Mach number range from 0.3 t o  1.55 with 

Reynolds numbers pe r  foo t  of 2 . 7  x 10 t o  3.5 x 19 . The tes t  was 

conducted using angle-of-s idesl ip  sweeps a t  f ixed  angles-of-at tack.  

Angles-of-attack and s i d e s l i p  were both within a range o f  p lus  and minus 

t e n  degrees,  with the  maximum angle  being dependent upon t h e  requirements 

a t  a p a r t i c u l a r  Mach number. 

6 6 

Configuration va r i a t ions  consis ted of a series of d i f f e r e n t i a l  

inboard/outboard elevon angle s e t t i n g s  a t  zero  a i l e r o n  angle, with and 

without t he  S h u t t l e  Inf ra red  Leeside Temperature Sensing (SILTS) pod on 

the  o r b i t e r .  
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Force data presented in t h i s  r epor t  were provided by the  f a c i l i t y  

on Apri l  9 ,  1980 (Reference 3 ) .  Angles of a t t a c k  and s i d e s l i p  were 

corrected f o r  flow a n g u l a r i t i e s  by the  ARO personnel. Elevon de f l ec t ion  

angles were corrected by Data Management Services  (DMS) p e r  R I  I n t e r n a l  

Letter SAS/AER0/78-221 (Reference 4 )  dated Apri l  25,  1978. This d a t a  

w a s  i n i t i a l l y  re leased by DMS under s p e c i a l  request  p r o j e c t  i d e n t i f i c a -  

t i o n  SPRT8N. 
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The 0.02-scale model (Model 89-0”s) of the space shut t le  integrated 

vehicle was tested i n  the Arnold m i n e e r i n g  Development Center 16 -~oo t  

Transonic Wind Tunnel between November 1, 1m7 and November 10, lg”?. 

This test, designated I A l 5 6 A ,  used a t o t a l  of 124 occupancy hours i n  the 

f a c i l i t y  . 
Data w e r e  obtained at fixed angles-of-attack between -10 and +10 

degrees with angle-of-sideslip sweeps between -10 and +10 degrees mer a 

Mach number range of 0.3 t o  1.55. Four six-component balance6 were used 

t o  obtain vehicle element forces and moments. 

balances were used t o  measure elevon (right wing only) and rudder hinge 

moments. 

aide) and ve r t i ca l  t a i l  normal force, bending mament, and torsion. 

Three single-component 

Tvo three-component balances w e r e  used t o  measure Wing ( l e f t  

Model configuration variables were elevon deflection -le and 

Shuttle Infrared Leeside Temperature Sensing (SIurS) pod on or off. 

orbi te r  was instrumented w i t h  19 base pressure taps and 32 body f l a p  

taps. The external tank had 45 base pressure tapls, and each SIZB wae 

instrumented with f ive  base pressure taps. 

me 

This report provides a description of the tes t  consisting of remarks 

on the conduct of  the  test, descriptions of the  m o d e l  and the  test 

f ac i l i t y ,  detai ls  on t e s t  procedure, information on data reduction, and 

t a b u l a t e d  test r e s u l t s .  
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The flow a n g u l a r i t y  c o r r e c t i o n s  f o r  a lpha  and b e t a  were r e v i s e d  

a f t e r  completion of t h i s  test .  The f o r c e  d a t a  presented  i n  t h i s  t e x t  

c o n t a i n s  t h e  f i n a l  f low a n g u l a r i t y  c o r r e c t e d  a lpha  and b e t a  d a t a  (Refer- 

ence 3 ) .  Elevon d e f l e c t i o n  angles  were c o r r e c t e d  f o r  l oads  as s p e c i f i e d  

i n  Reference 4 .  

This  r e p o r t  c o n s i s t s  of 2 volumes of f o r c e  d a t a  and 1 volume of 

t a b u l a t e d  p r e s s u r e  d a t a  on microf iche.  The volumes are ar ranged  i n  t h e  

fo l lowing  manner: 

MICROFICHE 
VOLUME NUMBER CONTENTS PAGE NUMBERS 

1 IA156A FORCE DATA TABULATIONS - 
2 IA156A FORCE DATA TABULATIONS - 
3 IA156A TABULATED PRESSURE DATA 1-17 

ORBITER BASE (E) D/S 01-tE9 

3 IA156A TABULATED PRESSURE DATA, 17-30 
BODY FLAP (BOTTOM)(F) D/S 01-tE9 

3 IA156A TABULATED PRESSURE DATA, 30-43 
BODY FLAP (TOP)(G) D/S 01-tE9 

3 IA156A TABULATED PRESSURE DATA, 43-54 
LEFT SRB BASE (L) D/S 01-tE9 

3 IA156A TABULATED PRESSURE DATA, 54-65 
RIGHT SRB BASE (R) D/S 01-tE9 

3 IA156A TABULATED PRESSURE DATA, 65-89 
ET BASE (T) D/S Ol-tE9 
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- SYMBOL MKEMomc D E P I N I T I O N  

Tunnel Parameters 

Part, Point run identification 

Project, Test ARO, Inc. test identification 

AFA 

AW€U 

ALF'AIS 

M A R S  

ALFAT 

BETAL 

BFTALS 

BETARS 

MACH freestream Mach number 

PT freestream total pressure, psfa 

P freestream static pressure, psfa 

Q freestream dynamic pressure, psf 

W L  Reynolds number per foot 

freestream total temperature, OF 

freestream total temperature, OR 

0.02-Scale Model Test Parameters 

flow angularity In the tunnel pitch plane, 
positive up, degrees 

ALPHAL 

ALPHAR 

ALPHAT 

BGTALS 

BETARS 

launch vehicle angle-of-attack, degrees 

left hand side solid rocket booster angle- 
.of-attack, degrees 

right hand side solid rocket booster angle- 
of-attack, degrees 

external tank angle-of-attack, degrees 

launch vehicle sideslip angle, degrees 

left hand side solid rocket booster 
sideslip angle, degrees 

right hand side- solid rocket booster 
sideslip angle, degrees 
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NCKEXCLATURE (Continued ) 

SYMBOL 

BETAT 

BFA 

CABLS 

CAFLS 

CTloIs 

MTJEMOIVIC DEFINITION 

9.02-Scale Model Test Parameters (Continued) 

BETAT external tank sideslip angle, degrees 

flow angularity in the tunnel cross flow 
plane, positive from right to left looking 
upstream, degrees 

0.02-Scale Left Hand Side SRB Coefficients (Le f t  Side SRB Balance) 

CABIS base axial-force coefficient 

CAFIS forebody axial-force coefficient, CAW- 
CABIS 

CALS t o t a l  axial-force coefficient 

CBLLS rolling moment coefficient 

CIMFLS pitching moment coefficient 

CKFIS normal force coefficient 

CTFLS side force coefficient 

CyPiBIs base yawing moment coefficient 

CYNFLS f orebody yawing moment coefficient , 
CPBIS-CYNBIS 

CYNLS total yawing moment coefficient 

0.02-Scale Ftight Hand SRB Coefficients (Right Side SRB Balance) 

CABRS CABRS base axial force coefficient 

CAFRS CAFRS forebody axial force coefficient, CARS- 
CABRS 

CARS CARS total axial force coefficient 

CBLRS CBLRS rolling moment coefficient 

7 



N ~ C L A R I R E  (Continued) 

SYMBOL 

CABT 

c:AFTs 

CATS 

CBLFTS 

CIM!rS 

ClWIS 

C Y F E  

CYmiTS 

CPRTS 

CAFT 

0.02-Scale Right Hand SRB Coefficients (Right Side SRB Balance) 
‘(Continued ) 

ClMFF6 pitchi= moment coefficient 

CKFRS normal force coefficient 

CYFRS s i d e  force coefficient 

cTm3IEs base yawing moment coefficient 

CYNFRS forebody yawing moment coefficient 

CYNRS total yawing moment coefficient 
CYNRS - CYNBRS 

0.02-Scale External “ank + (SRB Right + SRB Urt) Coefficients, 
l~~cternal ~ a n k  Balance) 

CABT external tank base axial force coefficient 

CAFTS forebody axial force coefficient, CATS - 
(cm + CABIS + CABS) 

CATS total axial force coefficient 

CBILFTS rolling moment coefficient 

C’llrDpTs pitching moment coefficient 

CEJPTS normal force coefficient 

CPETS side force coefficient 

CTRlrfS forebody yawing moment coefficient, (=nrps - 
(mLS + mBB) 

CYNTS total yawing moment coefficient 

0.02-Scale External Tank Forebody Coefflcients 

CAFT forebody axial force coefficient, 
c m s  - ( c m  + CAFRS) 
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I(XE3CLATtJRE (Continued) 

SYMBOL hmEMomc DETINITIOH 

0.02-Scale Fxternal 'pank Forebody Coefficients (Continued) 

C B W T  CBLFT 

CIMPT CIMPT 

forebody rolling moment coefficient, 
CBLTTS - (CBLIS + CBLRS) 

forebody pitching moment coefficient, 
c m  - (CIMFIS + c m )  

CrJFT CXET forebody normal force coefficient, 
c m  - ( c m  + c w R s )  

CYFT m forebody side force coefficient, 
c m  - (CYFIS + m) 

CYmiT CYKET forebody yawing moment coefficient, 
c m  - (CPdlFIs + (XmRS) 

0.02-Scale Launch Vehicle Coefficients (Orbiter Balance) 

CAB0 CABO orbiter base axial force coefficient 

CAFL CAFL forebody axial force coefficient, 
CAL - (CABO + CABT + CAB= + C A B I S )  

CAL CAL total axial force coefficient 

CBLFL CBLFL rolling moment coefficient 

CIMBO CIEJlBo orbiter base pitching moment coefficient 

CIMFL CIUFL forebody pitching moment coefficient, 
CIML - c m  

CIML CIML total pitching moment coefficient 

CrJBo C#Bo orbiter base normal force coefficient 

c!lmJ ClWL forebody normal force coefficient, 
cm - c m  

CXL CNL total norms1 force coefficient 

CYFL mFL forebody side force coefficient 
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MQ(PUIWCLATURE (Continued) 

SYMBOL MNEMONIC DEFIlpITfON 

0.OZ-Scalc bunch Vehicle Coefficients (Orbiter Balance) 
'(Continued ) 

f orebody yawing moment coefficient, 
CYmJ - (mIs + m R s )  

CAFO 

CBIlFO 

CIMFO 

CIVFO 

CYFO 

c m o  

CBVT 

CYloL total yawing moment coefficient 

0.02-Scale Orbiter Forebody Coefficients 

CAFO axial force coefficient, CAF'L - CAFPS 

CBLFO 

CIMFO pitching moment coefficient, CIMFL - CIM3"s 
cmo normal force coefficient, CWL - C " S  

CPFO side force coefficient, CYFL - CYFI'S 

c m o  

rolling moment coefficient, CBLFL - CBLFTS 

yawing moment coefficient, C"FL - CY"S 

0.02-Scale Vert ica l  Tail Coefficients (See Figure le) 

C B W  bending moment coefficient 

CSVT CavT side force coefficient 

CTYT CTVT torsional moment coefficient 

0.02-Scale Wing Coefficients (See Figure lb ) 

CBW CBW bending moment coefficient 

CNW CNW normal force coefficient 

CTW CTW torsional moment coefficient 
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EIcIMEIBCI;A!RJR3 (Continued) 

SPMBOL bfNEMrnC D E F I N I T I O N  

0.02-Scale Elevon and Rudder Coefficients (See Figure if) 

CHEI CHEI inboard elevon hinge moment coeff ic ient  

CHEO CHEO outboard elevon hinge moment coeff ic ient  

CHR CHR rudder hinge moment coeff ic ient  

Model Geometric Nomenclature 

CL 

m 
HL 

MRC 

SRB 

X/CBF 

xT 

YO 

20 

a 

P 

e1 

ALPHA0 

BmAO 

IB-ELV 

center l i ne  

external tank 

hinge l i ne  

moment reference center  

sol id  rocket booster 

r a t i o  of a s t a t ion  on the body f l a p  t o  the 
body f l a p  chord (See Figure 2c) 

SFU3 s t a t ion  

r a t i o  of a s t a t ion  on the o rb i t e r  t o  the 
o rb i t e r  length 

body s t a t ion  on the  external  tank 

l a t e r a l  s t a t ion  on the orb i te r ,  
posit ive t o  the  r igh t  of the plane of 
symmetry (See Figure 2b) 

o rb i t e r  water l i n e  (Figures 2a and 2b) 

o rb i t e r  angle-of-attack, degrees 

orb i te r  s ides l ip  angle, degrees 

inboard elevon def lect ion angle, degrees 
(See Figure lb )  
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NOMENCLATURE (Continued) a 
SYMBOL MNEMONIC DEFINITION 

Model Geometric Nomenclature (Continued) 

0 

rl 

ALFA@U 

ALPATU 

ALFLSU 

ALFRSU 

ALPHAI 

BETA@U 

BETATU 

BETLSU 

BETRSU 

DEINLR 

DE~NLR 

OB-ELV 

PHI0 

ALFA~U 

ALPATU 

ALFLSU 

ALFRSU 

ALPHAI 

B ETA~U 

BETATU 

BETLSU 

BETRSU 

DEINLR 

DEQNLR 

outboard elevon deflection angle, degrees (See 
Figure lb) 

rotational angle on model component surface 
(See Figure 2e), degrees 

ratio of spanwise station on orbiter body flap to 
total span of body flap, positive from left to 
right (See Figure 2b) 

orbiter angle-of-attack, (uncorrected for flow 
angularity), degrees 

external tank angle-of-attack (uncorrected for 
flow angularity), degrees 

left SRB angle-of-attack (uncorrected for flow 
angularity), degrees 

right SRB angle-of-attack (uncorrected for flow 
angularity), degrees 

tunnel instrumentation indicated pitch attitude, 
degrees 

orbiter sideslip angle (uncorrected for flow 
angularity), degrees 

external tank sideslip angle (uncorrected for 
flow angularity), degrees 

left SRB sideslip (uncorrected for flow angular- 
ity), degrees 

right SRB sideslip (uncorrected for flow angular- 
ity), degrees 

right inboard elevon deflection (no load), 
degrees 

right outboard elevon deflection (no load), 
degrees 

1 2  



NOMENCLATURE (Continued) 

SYMBOL MNEMONIC DEFINITION 

Model Geometric Nomenclature (Continued) 

PHI1 PHI I 

Pressure Data 

CP'BV 

CPTXXX 

CP 1 

CP 2 

CP3 

CP 4 

CP5 

CP 6 

CP 7 

CP8 

CP 9 

CPlO 

CP BY 

CPTXXX 

CP 1 

CP 2 

CP 3 

CP 4 

CP 5 

CP 6 

CP 7 

CP 8 

CP 9 

CPlO 

Tunnel Instrumentation indicated roll attitude, 
degrees 

vertical tail base pressure coefficient 

pressure coefficient for tap XXX 

See Data Reduction Section 

See Data Reduction Section 

See Data Reduction Section 

See Data Reduction Section 

See Data Reduction Section 

See Data Reduction Section 

See Data Reduction Section 

See Data Reduction Section 

See Data Reduction Section 

See Data Reduction Section 

Terms Used in Data Reduction 

BW wing bending moment about Y0105, in-lbs. 

Nw wing normal force, lbs. 

TW wing torsion moment about X01307, in-lbs. 

BVT vertical tail bending moment about Z0503, 
in-lbs. 

NVT vertical tail normal force, lbs. 
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NOMENCLATURE (Concluded) 

SYMBOL MNEMONIC DEFINITION 

TVT ve r t i ca l  t a i l  t o r s i o n  moment about  X01414.3, 
i n - l b s .  

HE I inboard e levon h inge  moment, i n - l b s .  

HE0 outboard e levon h inge  moment, in - lbs .  

1 4  



A preliminary ca l ibra t ion  a t  the  Los Angeles Division of R o c k w e l l  

I n t e rna t iona l  of t h e  three-component balance f o r  t he  r i g h t  wing ind ica ted  

t h a t  t h e  to r s ion  gauge s e n s i t i v i t y  w a s  below t h e  normally acceptable  level 

f o r  t h i s  type of balance. 

beam was regauged by AEDC t o  increase the  to r s ion  s e n s i t i v i t y .  

t es t  l a rge  zero s h i f t s  were encountered. 

was foul ing between the wing and the fuselage.  

made during the  test t o  c l ea r  the fouling, bu t  all sources of foul ing 

were not  i d e n t i f i e d  until a f t e r  t he  test .  

occurred were recomputed using post-run balance zeros.  

problems encountered during the test, extreme caut ion i s  recommended 

when using and i n t e r p r e t i n g  wing coe f f i c i en t  data. 

Therefore, p r i o r  t o  t h e  AEDC ca l ib ra t ion ,  the 

During t he  

Check loads showed that there 

Repeated attempts were 

A l l  wing d a t a  where zero s h i f t s  

Because of the  

During the  tes t  var ious events occurred having a poss ib le  e f f e c t  on 

the  test r e s u l t s .  These items are noted below. 

1. 

2. 

3 .  

4. 

On p a r t  numbers 801 through 889, there was t ape  over t h e  elevon 
( inboard and outboard) beambracket j o i n t  l i n e .  

On par t  numbers 801through 1121, a loose w i r e  connection which 
could affect wing data was found on the wing t o r s ion  gauge. 

On p a r t  number 1096, point  4 and p a r t  number 1097, point  1, t h e  
t ransducer  constant  f o r  scanivalve number 5(KSV5) i n  t he  
ex te rna l  tank was wrong. 
these points .  

On part numbers 1132 through 1188, I201 through 1216, and 1224 
through 1314, t h e  transducer constant  ( g S V 5 )  was i n t e rmi t t en t ly  
out of tolerance (high by as much as 10 percent) .  
f o r  t h i s  condi t ion was never determined. CP7 data should be 
used w i t h  caution when KsV5 i s  out  of to le rance .  

A value of 290 was subs t i t u t ed  f o r  

The reason 
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REMAEiKs (Concluded) 

5 .  

6.  

7. 

8. 

On par t  numbers 1188 through 1200, base pressure instrumentation 
f o r  the ET and SFB's was inoperat ive.  
terms (CP5, C P ~ ,  CP7, and CP9) from part numbers 1141 through 
1153 were subs t i tu ted .  

Equivalent base cor rec t ion  

On part numbers 1224 through 1233, t h e r e  was t ape  across  t h e  
v e r t i c a l  t a i l / rudde r  j o i n t  l i n e .  

On part  numbers 1377 through 1396, the r i g h t  hand inboard elevon 
def lec t ion  angle was s e t  a t  8 degrees ra ther  than 10 degrees, as 
ca l led  f o r  i n  the run schedule. 
the  correct  elevon angle ( p a r t  numbers 1432 through 1451). 

These runs were repeated w i t h  

Data from seve ra l  pressure t aps  were bad f o r  various reasons a t  
d i f f e ren t  times during t h e  test. The data i n  question were 
eliminated from t he  average i n  t h e  base pressure cor rec t ion  
ca lcu la t ions .  
correct ion coe f f i c i en t s  a f fec ted  are given below. 

The p a r t  numbers, pressure t a p  numbers, and 

P a r t  Numbers Pressure Tap Number Term Affected 

1042-1073 438 CP2 

104.2 - 1073 439 CP2 

1042 -1111 406 cP2 

1042-1121 152 1 CP7 

1399-1419 311 cP1 

1399-1419 312 CP1 
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CONFIGURATIONS II?VES!IZGATED 

The model f o r  t he  AEDC-PWT test  period was an 0.02-scale r e p l i c a  

of t h e  Rockwell In t e rna t iona l  first stage space s h u t t l e  vehicle  con- 

s i s t i n g  of orb i t e r ,  ex te rna l  oxygen/hydrogen tank (ET) and two s o l i d  

boosters  (SRB's). 

r a t i o n  cont ro l  drawing. 

Figure 2a.  

of t h e  o r b i t e r  using t h e  AEDC 2.5-inch Task MK XXXI balance (AEDC! 

6-2.5-2.5-1.85-~-~ balance) .  

of model d e t a i l s  are given i n  Figures 3a through 3e. 

The vehicle is described by the  VC70-000002 configu- 

The integrated vehic le  geometry is shown i n  

The model was mounted upright  i n  the  tunnel  through the  base 

Photographs of the  model i n  the  tunnel  and 

The ex te rna l  tank and boosters were supported f r o m  t h e  orbiter/ET 

a t t ach  s t r u c t u r e  using the ~mc-~w~-6-1.50-1.80-1.12 M bslance. 

SRB was supported from the  E2/SRB a t t a c h  s t r u c t u r e  using the  A~>c-Pw~-~- 

1.50-0.50-1.12 M - a  and -b (one i n  each SRB) balances. 

measured t o t a l  vehicle  loads; t h e  ex te rna l  tank balance measured EY!/SRB 

loads,  exclusive of the  at tach structure between o r b i t e r  and ex te rna l  

tank; each SRB balance measured only t h e  forces  and moments on the  

element i n  which it was mounted, exclusive of a t t a c h  hardware. 

Each 

The o r b i t e r  balance 

The o r b i t e r  was fabricated t o  the  OV102 Configuration Outer Mold 

Line Defini t ion (March 15, 1976 Ct4L configurat ion) .  Lines were 

derived from t h e  design entry t r a j e c t o r y  14414.1, Revision C/C. 

Thermal Protect ion System (TPS) f o r  these  l i n e s  i s  based on t h e  usesge 

of S i l icon  Reuseable Surface Insu la t ion  (SRSI). The o r b i t e r  model i s  of 

a blended wing/body design with a double delta planform ( 8 l o / 4 5 O  leading 

"he 
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CONFIGURATIONS INVES!TIGATED (Continued) 

edge) King of l-2 percent thickness  and full span elevons wi th  gaps between 

t h e  outboard and inboard panels and between the inboard panel  and t h e  

fuselage.  

capab i l i t y  i s  mounted between the  Orbi ta l  Maneuvering System (CMS) pods 

on t h e  af t  f'uselage, and a body f l a p  i s  f i t t e d  t o  t h e  lower t r a i l l n g  

edge of t h e  fuselage. The Main Propulsion System (MPS) nozzles were 

simulated, but were trimmed t o  c l e a r  t he  sting support  though the base. 

The CMS nozzles and all Reaction Control System (RCS) t h r u s t e r  ports i n  

t he  forward fuselage and (MS pods were simulated. 

A single  cen te r l ine  v e r t i c a l  ta i l  with rudder/speed brake 

F u s e w e  Outer Mold Line (WL) penetrat ions and protuberances which 

are simulated include: 

- Recessed windshields, hatch, and observation windows 

- Simulated forward and af't X S  nozzles 

- Cargo bay door hinges 

- T-zero umbil ical  panels 

- Vents: cargo bay, wing, CW RCS, and a f t  fuselage 

- Spanwise steps:  V e r t i c a l  t a i l / rudde r  and body f l a p  

The upper sur face  f l i p p e r  door panels which blend the  King t o  t he  

elevon a t  a l l  def lec t ions  were not simulated. 

wing and elevon upper surfaces  simulated t h e  f l i p p e r  door panel. 

oV102 Shu t t l e  Inf ra red  Leeside Temperature Sensing (SILTS) pod was 

simulated on the v e r t i c a l  ta i l .  The o r b i t e r  model was constructed 

pr imari ly  of Armco 17-4 s t a i n l e s s  steel, with 7076-6 aluminum used i n  

A smooth f a i r i n g  between 

The 
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CONFIGURATIONS IRVES!LTGATED (Continued ) 

some non-load carrying components. 

fabr ica ted  f r o m  a s i n g l e  block w i t h  a longi tudina l  bore i n t o  which 

balance adapters  can be inser ted.  

t h i s  block. 

and serves as a cover p l a t e  f o r  rnodel-mounted instrumentation. 

The mid/aft  upper fuselage is  

The CMS pods are an i n t e g r a l  part of 

The nose/forward fuselage was fabricated a8 a hollow she l l  

The v e r t i c a l  t a i l  was supported on t h e  upper a f t  f’uselage by means 

of  a s t r a i n  gauged beam (three-component balance).  

brake, f ixed a t  zero degrees def lec t ion  was mounted on a gauged beam t o  

al low f o r  measurement of hinge moments. 

aft  fuselage block incorporated t h e  aft  oklS/RCS pods, the simulated MPS 

and CMS nozzles, and the body f l a p  bracket  recesses. 

MPS nozzles were c u t  out for s t ing  clearance.  

a t  zero degrees def lec t ion .  

The rudder/speed 

A separate base plate/lower 

The base p h t e  and 

The body f l a p  was mounted 

The r i g h t  wing ,  r i g h t  wing glove, and lower fuselage af t  of  s t a t i o n  

520 w a s  fabr ica ted  as a single piece.  

o f f  at  b u t t  plane lo5 and was at tached t o  the lower fuselage by a s t r a i n  

gauged beam (three-component balance).  

the gap between the  t w o  parts t o  minimize leakage between upper and 

lower surfaces .  

The le f t  wing/wing-glove was c u t  

A labyr in th  seal was used along 

The elevons on boti wings were mounted on ind iv idua l  beams t o  allow 

f o r  measurement of hinge moments. 

l e f t  w i n g s  were dimensionally similar, only those on the  r i g h t  wing were 

gauged. 

Although the  beams on the r i g h t  and 

The elevon def lect ion angles were set  by manually changing the 
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CONFIGURATIONS INVES!TIGATED (Continued) 

brackets  t o  which t h e  beams are  at tached.  Measured d e f l e c t i o n  angles are 

given i n  Table 111. 

simulated b u t a  f a i r i n g  was used between t n e  wing and t h e  elevon. A gap 

of from 9.395 t o  0.029-inches w a s  maintained between t h e  f a i r i n g  and t h e  

Upper surface s e a l  doors ( f l i p p e r  doors) were not  

e levon. 

The ex te rna l  tank w a s  b u i l t  i n  accordance w i t h  Rockwell I n t e r n a t i o n a l  

I n t e r f a c e  Control Drawing ICD2-93’331, Rev. C ,  p lus  I n t e r f a c e  Revision 

Notices B and C .  The ex te rna l  tank is of c y l i n d r i c a l  cross-sect ion w i t h  

a nominal diameter o f  333-inches and a maximum diameter of 336.2-inches. 

The forward portion of t h e  ex te rna l  tank has a tangent ogive no6e which 

terminates i n  a biconic  nose cap over t he  LOX vent  va lve .  

one-third of  the ex te rna l  tank is  f i l l e d  with LOX, and t h e  a f t  two- 

t h i r d s  with l iquid hydrogen. S t r u c t u r a l  s t i f f e n e r s  between t h e  two 

vessels r e s u l t  i n  an area w i t h  a s l i g h t l y  l a r g e r  than nominal diameter. 

The a f t  end of t h e  tank i s  b a s i c a l l y  a n  e l l i p s o i d  of revolution. 

The forward 

The e n t i r e  e x t e r n a l  tank i s  covered with a spray-on foam i n s u l a t i o n  

of varying thickness. 

tangent ogive, l .%inch on t h e  c y l i n d r i c a l  s e c t i o n s ,  and 2.9-inches on 

the  rear e l l i p s o i d .  

Agproxlmate thicknesses  are 2.5-inches on t h e  

Model dimensions included t h i s  i n su la t ion .  

The ex te rna l  tank configuration included a number of protuberances 

consis t ing of e l e c t r i c a l  t r a y s ,  f l u i d  l i n e s ,  and a t t a c h  hardware. 

E l e c t r i c a l  trays which  run p a r a l l e l  t o  t h e  e x t e r n a l  tank c e n t e r l i n e  were 

s i m u l a t e d ;  those which run up next t o  t h e  a f t  o r b i t e r / e x t e r n a l  tank 
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CONF'IGURA'MONS INVESTIGATED (Continued) 

a t t a c h  hardware were no t .  The LOX and LH2 feed l i n e s  were simulated. 

The a t t a c h  hardware t h a t  i s  considered as part of t h e  e x t e r n a l  tank is 

t h e  f ron t  and rear o rb i t e r / ex te rna l  tank a t t a c h  s t r u c t u r e  which remains 

w i t h  t h e  e x t e r n a l  tank after separat ion.  

The e x t e r n a l  tank model was constructed pr imari ly  of  6361-651. 

aluminum alloy w i t h  t h e  load carrying components made o f  Armco 17-4 

s t a i n l e s s  s teel .  The model was formed by t h e e  ma.jor pieces  t o  which 

t h e  ex te rna l  protuberances were mounted. The three major p i eces  con- 

s i s t e d  of t h e  forward biconic nose, t he  c e n t r a l  c y l i n d r i c a l  s h e l l  and 

t h e  af t  closure.  The external  tank protuberances and simulated a f t  

a t t a c h  s t r u c t u r e s  were fabricated from Armco 17-4 s t a i n l e s s  s teel  and 

were secured t o  the  tank by mounting but tons and s i l v e r  so lder .  

The e x t e r n a l  tank was attached t o  t h e  c r b i t e r  by t h e  "wishbone" 

a t t a c h  bracket  on the  forward end and the  simulated LOX and M 2  v e r t i c a l  

feed l i n e s  on t h e  a f t  end. These components were scaled t o  as g r e a t  a 

degree as poss ib l e ,  but  were s i zed  f o r  t h e  an t i c ipa t ed  loads.  The 

orb i t e r / ex te rna l  tank a t t a c h  s t r u c t u r e  was connected d i r e c t l y  t o  t h e  

balance b r i d s e  in s ide  t h e  external  tank. Instrumentation leads  from t h e  

ex te rna l  tank t o  t n e  o r b i t e r  were at tached t o  t h e  back of each feed l i n e  

and were covered w i t h  a f a i r ing .  The e x t e r n a l  tank wall i n  t h e  v i c i n i t y  

of t he  attach s t r u c t u r e  was cut away f o r  clearance between t h e  t ank ,  a n d  

t h e  s t r u c t u r e  an? f a i r i n g .  Tne r e s u l t a n t  gap was f i l l e d  w i t h  foam. 

The Solid Rocket Boosters (SRB's) were b u i l t  t o  t he  same I n t e r f a c e  
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CONFIGURATIONS 1 " I G A T E D  (Continued) 

Control Drawing (ICD2-00301, Rev. C )  and I n t e r f a c e  Revision Notices ( B  

and C )  as t h e  ex te rna l  tank. 

cy l inde r s .  each with an 18 degree semi-angle nose terminated by a 13.27- 

inch diameter sphere. An 18 2egrep flared s k i r t ,  298.20-inches i n  

diameter, protects  t h e  rocket nozzle. A f l e x i b l e  donut-shaped s e a l  and 

thermal s h i e l d  is provided between t h e  s k i r t  and t h e  nozzle. 

protuberances consist of a forward a t t a c h  l u g ,  f r o n t  and rear separat ion 

motors. an  aft  a t t a c h  r i n g ,  various s t i f f e n e r s  and a f u l l - l e n g t h  

e l e c t r i c a l  systems tunnel.  

The two SFU3's are 146-inch diameter 

SRB 

The Sol id  Rocket Boosters were made of Armco 17-4 PH s t a i n l e s s  steel, 

except f o r  the forward c y l i n d r i c a l  s h e l l s  which were made of 6061-651 

aluminum a l l o y .  Each SFU3 w a s  formed by f ive  major pieces  t o  which t h e  

ex te rna l  protuberances were mounted. 

nose. t h e  forward and t h e  cen te r  c y l i n d r i c a l  s h e l l s ,  t h e  a f t  c y l i n d r i c a l  

s h e l l / s k i r t  assembly and the  nozzle. The cen te r  c y l i n d r i c a l  s h e l l s  were 

fabricated w i t h  a v e r t i c a l  s p l i t  t o  f a c i l i t a t e  assembly and disassembly 

of t h e  SRB. Tne SRB protuberances were f ab r i ca t ed  from aluminum a l l o y  

and s t a i n l e s s  s t e e l ,  and were secured t o  t h e  SRB w i t h  screws o r  s i lver  

so lde r .  Fach SRB i s  attached t o  the  FT a t  t h e  f u l l - s c a l e  a t t a c h  poin ts .  

Attach s t r u c t u r e  conponents were scaled t o  as g r e a t  a degree as 

possible ,  bu t  were s ized f o r  t h e  an t i c ipa t ed  loads.  

The f ive major pieces were t h e  

The SRB/ET at tach 

s t r u c t u r e  was cormectec? d i r e c t l y  t o  t h e  balance 

The SRB w a s  supported on t h e  balance mounted on 

br idge i n s i d e  t h e  SRB. 

t h i s  balance bridge. 
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CONFIGURATIONS 1"IGATED (Continued) 

Instrumentation leads  from the SRB t o  the e x t e r n a l  tank were routed 

through a s l o t  a f t  of t he  forward SRB/E!I' a t t a c h  pos t .  A f a i r i n g  between 

t h e  SRB and t h e  ET protected the  leads from t h e  a i r  flow. The SRB w a l l  

i n  t h e  v i c i n i t y  of t h e  SRB/FT a t t a c h  s t r u c t u r e  w a s  relieved f o r  c learance 

between t h e  SRB, and t h e  a t t ach  s t r u c t u r e  and fairing. The r e s u l t a n t  

gap was f i l l e d  u i t h  foam. 

The following nomenclature. i l l u s t r a t e d  i n  Figures 2 i  through 21, 

was used t o  designate  model components: 

Des c r i p  t i on 

UV132 fuselage including T-zero umbilical 
panels and crew hatch 

95 

Canopy including recessed. windshields and 
ob s erva t  i on windows 

16 

Elevons. including elevon/elevon and elevon/ 
fuselage gaps 

E6 4 

F16 Body f l a p  

Fair ings f o r  t h e  forward cargo bay door 
hinges, 6 p e r  s i d e  

FR22 

H G 1  Cargo bay door hinges, 13 p e r  s i d e  

M52 CMS pods 

N198 

N139 

Forward FCS t h r u s t e r  nozzle po r t s  

Main propulsion system nozzles ( i n n e r  
surfaces c u t  away f o r  s t i n g  clearance)  

aMS nozzles Nll3 

Nlll A f t  RCS t h r u s t e r  nozzles and p o r t s  

R20 Rudder, s p l i t  i n t o  l e f t  and r i g h t  
speed brake panels 
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CO"IGURATI0NS INVES'I'IGATED (Conclude?) 

Symbol Description 

U, Umbilical doors 

% V e r t i c a l  t a i l  

v29 

m13 

V e r t i c a l  T a i l  w i t h  OV192 SILTS pod 

Cargo bay vents ,  4 per  s i d e  

I Wing/landing gear bay vents ,  1 per  s i d e  W l l  

w14 

vT17 

A f t  fuselage vents ,  1 per  s ide  

Miscellaneous vents ,  p o r t s  and penetrat ions 

h.3 1 OV132 Wing 

External tank ,  including a l l  protuberances 
(See ICD2-03331, Rev. C )  T39 

Solid rocket booster ,  including all protuberances 
(See ICD2-39301, Rev. C )  

s27 
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TEST FACILITY DESCRIPTION 

The AEDC PWT 16-~t. Transonic Tunnel (Propulsion Wind Tunnel, 

Transonic 16T) i s  a continuous-flow c losed -c i r cu i t  tunnel  capable of  

operatior? within a Mach number range o f  3.23 t o  1.60. 

operated within 2 stagnat ion pressure range of 123 t o  4339 ps fa  depending 

upon t h e  Mach number. 

average minimum of about 80 t o  a maximum of 1-60~~ as a funct ion of 

cooling water temperature. 

s p i r i t s ,  l i qu id  nitrogen, and l i qu id  a i r ,  t he  s tagnat ion temperature 

range can be varied from +33 t o  - 3 3 9 .  

by use of f lexible-wal l ,  Lava1 type nozzles. 

The tunne l  can be 

Tne stagnation temperature can be var ied from an 

Using a s p e c i a l  cooling system of mineral  

Supersonic v e l o c i t i e s  are obtained 

The t e s t  s ec t ion  i s  16-ft .  square ( i n  cross s e c t i o n )  and 4b-ft .  

long. 

a separate  u n i t ,  ca l led  the tes t  s ec t ion  cart, and i s  removable from 

t h e  tunnel  c i r c u i t .  The test sec t ion  c a r t s  may be moved t o  t h e  model 

i n s t a l l a t i o n  bui lding where the t es t  a r t i c l e  and a s soc ia t ed  equipment 

are i n s t a l l e d .  

The e n t i r e  t e s t  section and supporting structure is constructed as 

Two 49-ft. long t e s t  sect ion c a r t s  are available f o r  testing 

throughout t h e  design temperature range. These carts are each 23- f t .  

long and are used i n  p a i r s  t o  form t h e  43-ft .  long tes t  sec t ion .  

c a r t  may be used i n  e i t h e r  t h e  fcrward o r  a f t  pos i t i on  i n  t h e  tes t  

sec t ion .  

Each 

The tes t  sec t ion  i s  completely enclosed i n  a plenum chamber which 

can be evacuated, allowing pa r t  of t h e  tunnel  main flow t o  be removed 
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TEST FACILITY DESCRIPTION (Concluded) 

through t h e  t e s t  s ec t ion  perforated walls, thereby unchoking t h e  test  

sec t ion  a t  near sonic  speeds and a l l e v i a t i n g  wall i n t e r f e r e n c e  effects.  
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TEST PROCEDUIiE 

The Hi-Pitch model support system was used f o r  t h e  0.02-scale fo rce  

This support system has the  c a p a b i l i t y  of p i t c h  rates model t es t  en t ry .  

up t o  8 deglsec and r o l l  r a t e s  exceeding 20 deg/sec. 

approximately 1 deg/sec and a r o l l  rate of 20 deg/sec was se l ec t ed  f o r  

t h i s  tes t ,  Sketches and photographs showing the O.C)2-scale model sup- 

ported on the  Hi-Pitch system are shown i n  Figures  2g and 3a. 

A p i t c h  rate of 

The Hi-Pitch support  system was mounted i n t o  a dummy r o l l  mechanism 

of t h e  standard s t i n g  support system and u t i l i z e d  t h e  v e r t i c a l  t r a v e r s e  

f ea tu re  of t h e  la t ter  system t o  maintain t h e  model as c l o s e  t o  tunnel 

cen te r l ine  as poss ib le  w i t h i n  t h e  phys ica l  cons t r a i n t e  of 236 inches 

v e r t i c a l  traverse of t h e  s t a n d a r d  s t i n g  support  system. This l i m i t a t i o n  

placed t h e  o r b i t e r  approximately 9 inches below tunnel cen te r l ine  a t  

sting p i t c h  angles  of 0 degrees o r  g r e a t e r  and 32 inches below tunnel  

cen te r l ine  at a s t i n g  p i t ch  angle of -10 degrees. Model angles-of- 

a t t a c k  and s i d e s l i p  were establ ished by computer c o n t r o l  u t i l i z i n g  t h e  

hydraul ic  motors of the Hi-Pitch system t o  p o s i t i o n  t h e  sting a t  

appropr ia te  p i t ch  and roll angles. 

The t e s t  of t he  0.02-scale launch veh ic l e  was concerned pr imar i ly  

with fo rce  and moment measurements and t h e  only pressures  measured were 

those l O C 8 t e d  on t h e  bases of the  model components. These pressure 

loca t ions  are shown i n  Figures 2b through 2f and are categorized as 

follows : 
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TEST PROCEDURE (Continued) 

Major Model Component Model Component l o .  of  Or i f ices  

Orbiter Bas e 

Orbiter Body Flap 

External Tank Bas e 

Solid Rocket Boosters Base 

19 

32 

45 

10 

To ta l  106 

The types of  balances u t i l i z e d ,  and the model forces  and moments 

calculated from t h e i r  measurements are given below. The balances are 

described i n  d e t a i l  i n  Reference 1. 

Balance 
Locat ion 

Orbiter 6 - c omponen t 

External 6 -component 
Tank 

L e f t  Hand 6-component 
Sol id  
Rocket 
Booster 

Right Hand 6-component 
Solid Rocket 
Booster 

Model Forces and Moments Measured 
or Calculated 

Launch vehic le  normal force ,  s i d e  
fo rce ,  a x i a l  force,  p i tch ing  moment, 
yawing moment, and r o l l i n g  moment 

Fp and SRB's normal force,  side 
force,  axial force,  pi tching moment, 
r o l l i n g  moment, and yawing moment 

Left  hand SRB normal force ,  s i d e  
force,  a x i a l  force ,  p i tch ing  moment, 
r o l l i n g  moment, and yawing moment 

Right hand SRB normal force,  side 
force,  a x i a l  force ,  p i tch ing  moment, 
r o l l i n g  moment, and yawing moment 

3-component Wing normal force,  bending moment, 
and t o r s i o n a l  moment 

V e r t i c a l  3-component 
Stab 1 li z er 

V e r t i c a l  s t a b i l i z e r  side force ,  
bending moment, and t o r s i o n a l  moment 

@Wing balance data judged unre l iab le  because of t h e  model-balance fouling. 
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TEST PROCEDURE. (Concluded) 

Balance 
h c a t i o n  Type 
Rudder l-component 

Inboard 1-component 
Elevon 

Outboard l-component 
Elevon 

Rudder hinge moment 

Inboard elevon hinge moment 

Outboard elevon hinge moment 

P i t ch  and r o l l  angles of t h e  Hi-Pitch Support System sting were 

ca lcu la ted  from the  outputs of potentiometers.  E l e c t r i c a l  s i g n a l s  from 

a l l  pos i t i on  measuring devices, balances,  and Scantvalve @ t ransducers  

were d i g i t i z e d  f o r  data reduction. 

on-line 

All c o e f f i c i e n t  data w e r e  t abula ted  

'Phe desired tunnel  conditions, given i n  Table I, were set and angle- 

During the o f -e ides l ip  was varied at  a nominal constant  angle-of-attack. 

acqu i s i t i on  of pressure d a t a ,  computer evaluat ion of t he  pressure ra te -of -  

change was u t i l i z e d  and t h e  transducer output was not  acquired f o r  compu- 

t a t i o n a l  purposes u n t i l  e i t h e r  the rate of change was within acceptable  

limits o r  a maximum time delay was reached. 

acquired following t h e  acquis i t ion  of the pressure data .  

Force and moment data w e r e  

Check loads were placed on the gaged elevons p r i o r  t o ,  and following 

each change i n  elevon def lec t ion  angles, and data were obtained through 

t h e  computer t o  v e r i f y  t h e  ca lcu la t ion  of the appl ied loads. The nominal 

and measured elevon def lect ion angles  t h a t  were tested are given i n  Table 

111 and a sketch showing t h e  d i r e c t i o n  of p o s i t i v e  elevon d e f l e c t i o n  is  

presented i n  Figure lb. 
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DATA REDUGTIOM 

A l l  measured pressures were converted i n t o  standard pressure  

c o e f f i c i e n t  form and were tabula ted  "on-line" a t  the t e s t  f a c i l i t y .  Base 

pressure  correct ions were made t o  normal force ,  a x i a l  force ,  and p i tch ing  

moment coe f f i c i en t s .  

axial fo rce  and yawing moment from both sol id  rocket  boosters  were 

corrected for  base pressure  e f f e c t s .  

I n  addi t ion ,  axial f o r c e  of t h e  e x t e r n a l  tank and 

Force and moment c o e f f i c i e n t  data were computed i n  the body axis 

coordinate  system (See Figure l a )  from the  balances located i n  t h e  

o r b i t e r ,  ex te rna l  tank, and both s o l i d  rocket  boo8ters using t h e  pro- 

j ec t ion  of  t h e  o r b i t e r  nose on the  e x t e r n a l  tank l ong i tud ina l  cen te r -  

l i n e  as t h e  moment r2ference poin t  loca t ion .  Forces and moments from t h e  

w i n g ,  v e r t i c a l  s t a b i l i z e r ,  and elevons were computed about moment refer- 

ence poin ts  unique t o  the  ind iv idua l  model components. 

t h e  moment reference poin ts  and d i r e c t i o n s  of p o s i t i v e  fo rces  and moments 

a r e  shown i n  the sketches of  Figures lb through If. 

The loca t ion  of  

Flow angular i ty  cor rec t ions  were appl ied t o  all tes t  data, The 

magnitude of these cor rec t ions  i s  shown i n  Figure 2h. These co r rec t ions  

were determined from the  testing accomplished on t h e  Hi-Pi tch model 

support  system and ind ica t e  i t s  dependence on v e r t i c a l  l oca t ion  i n  t h e  

t e s t  sec t jon .  The flow angu la r i ty  inves t iga t ion  was conducted only a t  

s t i n g  p l t ch  angles o f  -6, 0, and 6 degrees, and although a l a r g e  change 

i n  pi tch-plane flow angu la r i ty  was determined between 0 and -6 degrees,  

it was f e l t  t h a t  ex t rapola t ion  of AFA a t  the same rate of change beyond 
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DATA WDUCTION (Continued) 

-6 degrees was not  warranted. The values of BFA depicted i n  Figure 2h 

were those determined during a previous flow a n g u l a r i t y  c a l i b r a t i o n  a t  

M = 9.90 f o r  t h e  port ion o f t h e  test  sec t ion  occupied by t he  model a t  

the  var ious s t i n g  p i t c h  angles. The co r rec t ions  o f  Figure 2h were input  

t o  the ca l cu la t ions  of  modelangles-of-attack and s i d e s l i p  as funct ions 

of model r o l l  o r i en ta t ion .  

Pressure c o e f f i c i e n t s  required for base pressure adjustments were 

computed as follows: 

CP1 = ( l / l O )  (CPT302 + CPT306 + ~ ~ ~ 3 0 8  + CPT311 + CPT312 
+ CPT314 + CPT315 + c ~ T 3 1 6  + CPT317 + CPT318) 

CP2 = (1/16) (CPT405 + CPT406 + CPT407 + CPT408 + CPT413 
+ CPT414 + CPT415 + CPT416 + CPT422 + CPT424 + mT430 
+ CPT432 + CPT437 + CPT438 + CPT439 + CPT44.0) 

CP3 = (1/6) (CPT319 + CPT320 -+ CPT321 + CPT322 
+ CPT323 + CPT324) 

CP4 = (112) (CPT325 + CPT326) 

CP5 = (1/4) (CPT2202 + CPW204 + CPT2221 + CPT2222) 

C P ~  = CPT2225 

1514 
P 

1521 
c 
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DATA RJ?WCTIOIV (Continued) 

1528 

+ (0.2058) (4/13)  (CPT1530 + CPT1531 + CPT1543 + CPT1544) 

+ (0.2371/6) (CPT1546 + CPT154$ + CPT1551 
+ CPT1553 + CPT1555 + CPT1557) 

+ (0.0541) (CPT1574) 
+ (0.2465/2)(CPT1563 + CPT1571) 

CP9 = ( 114) (CPT2218 + CPT222O + CPT2223 + CPT2224) 

CPlO = CPT2226 

where 

CPTi i s  the pressure c o e f f i c i e n t  f o r  pressure t a p  i. 

Base pressure adjustments t o  the  f o r c e  and moment c o e f f i c i e n t s  were 

computed as follows from the  Fressure c o e f f i c i e n t s  derived above. 

For t h e  external  tank: 
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DATA REWCTION (Continued) 

For t h e  l e f t  SIB: 

CABLS = (-1/SREF) [(CP5) ( A 5 )  + ( c P ~ )  ( A 6 ) ]  

CYNBIS = -(YS/LREF) (CABLS) 

For t h e  r i g h t  SRB: 

CABRS = (-1/SFU?J?) [(CP9) ( A 9 )  + ((210) (AlO)]  

CYNBRS = (YS/LRm) (CABX) 

These adjustments were appl ied t o  the  measured force  and moment 

c o e f f i c i e n t s  t o  g ive  forebody c o e f f i c i e n t s .  

For t h e  launch veh ic l e  ( o r b i t e r  balance):  

CNTL = C N L -  CNBO 

CIMFL = C I M L - C I M B O  

CYFL = CYL 

CYNFL = CYNL - CYNBIS - CYNBRS 

CAFL = CAL - CAB0 - CABT - C A B I S  - CABRS 

CBLFL = CBLL 

For the ex te rna l  tank and two SRB's ( ex te rna l  tank balance):  

c m  = c m  

c m  = c m  
c m  = CYTS 

CYNFTS = c m - c y N B L s - c Y N B R S  

CAFI'S = CATS - CABT - CABLS - CABFS 

CBLFl'S = CBLTS 

33 



DATA REDUCTION (Continued) 

For the left SRB ( l e f t  SRB balance): 

CNFLS = CNIS 

CLMFLS = CIMLS 

CYFLS = CYIS 

CyNFIs = C Y N L s - C Y N B r s  

CAFE = CALS - CABLS 

CBI;FLI; = CBLLS 

For the r i g n t  SRB ( r i g h t  SFU3 balance): 

cmFF6 = CNRS 

CIMFB = CIMRS 

CYFRS = CYRS 

CYNFRS = C Y N R S - c m m  

CAFE = CARS - CABRS 
C B U E  = CBLRS 

For orbiter a lone  forebody data: 

CNFO = CNFL - c m  
CLMFO = c L M n - c m  

CYFO = CYFL - CYliTs 

CYNFO = CyNn-cYNFTs 

CAFO = CAFL-CAFrS 

CBLFO = CBLE'L - CBIPTS 
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DATA REIXJCTION (Continued) 

The e x t e r n a l  tank alone forebody c o e f f i c i e n t s  were computed as: 

C N F r  = C r n )  - c m  - CWB 

c m  = c m - C I M F L S - C W R S  

c m  = c m s  - CYFL? - cYFm 

CYNFT = ~ - c " M F L s - c y N F E t s  

CAET = CAlT'S - CAFE3 - CAFRS 

CBLJ?I' = CBL;FTS - CBLFLS - CBLFRS 

The panel  loads were reduced t o  fo rce  and moment c o e f f i c i e n t s  i n  t h e  

following manner: 

For w i n g  bending and torsion: 

Cm = W/[(Q) ( S m ) 1  

CBW = BW/[(Q) (SREF) (BREI?)] 

CTW = W/[(Q) (Sm) (MAC11 

For v e r t i c a l  t a i l  bending and tors ion:  

CNVT = NVT/[(Q) (SVT)] 

c m  = BVT/[(Q) ( s m  (CJWl 
Cm = TVT/[(Q) (SW) (m)1 

For elevon hinge moments: 

CHEI = HEI/[(Q) (SE) (CE)] 

CHEO = HEO/[(Q) (SE) (CE)] 

For rudder hinge moments: 

CHR = HR/[(Q) (SR) (WI 
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DATA REDUCTION (Continued) 

Uncertaint ies  (a  s t a t i s t i c a l  combination of  systematic and random 

e r r o r s )  of the  tunnel  freestream prope r t i e s ,  aerodynamic c o e f f i c i e n t  

unce r t a in t i e s  and pressure c o e f f i c i e n t  u n c e r t a i n t i e s  are a l l  presented i n  

d e t a i l  i n  Reference 2. A schedule of completed runs i s  given i n  Table I1 

which i s  t h e  Data Set/Run Number Collat ion Summary f o r  t h e  t e s t .  

Reference dimensions and constants  

Symbol 

A 1  

A 2  

A3 

A5,  A9  

A6, A 1 0  

A7 

ACO 

BREF 

CE 

CR 

CVT 

L1 

Value 
Model Scale F u l l  Scale 

0.12576 f t .2  

0.0572 ft.2 

0.049048 ft.2 

0.04661 f t .2  

0.04795 ft .* 

0.24192 ft.2 

0.0377 f t .  2 

18.734 i n .  

1.814 in .  

1.464 in .  

3.996 in .  

25.260 in .  

- -  

-- 

-- 
- -  
-- 
-- 
-- 

936.7 i n .  

90.7 i n .  

73.2 i n .  

199.8 i n .  

1263.0 i n .  

used were : 

Description 

Base area #1 ( o r b i t e r ,  
including s t i n g  cav i ty  area). 

Base area #2 (projected body 
f l a p ) .  

Base area #3 (CMS pods). 

SRB S k i r t  base areas, each. - 
SRB Nozzle base area, each. - 
Base area o f  t h e  e x t e r n a l  tank. 

Orbiter s t i n g  c a v i t y  area. 

W i n g  bending reference length.  

Elevon reference chord length.  

Rudder reference chord length.  

Vertical t a i l  reference chord 
length .  

Horizontal  t r a n s f e r  d i s t ance  
between t h e  o r b i t e r  base and 
t h e  i n t e g r a t e d  v e h i c l e  moment 
r e fe rence  c e n t e r  . 
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DATA FEDUCTION 

Value 
Symbol Model Scale F u l l  Scale 

L2 26.594 i n .  

LREF 

MAC 

SE 

SR 

SREF 

SVT 

YS 

z1 

25.806 i n .  

9.496 i n .  

0.084 ft.2 

0.04006 ft.2 

1.076 ft .2 

0.1653 

5.010 in .  

6.730 in .  

1329.7 in. 

1290.3 i n .  

474.8 i n .  

210. f t .  2 

(Concluded) 

Des c r i D  ti on 

100.15 ft.2 

2690. f t .  2 

413.25 ft.* 

250.5 in .  

336.5 i n .  

Horizontal  t r a n s f e r  d i s t ance  
between t h e  body f l a p  and t h e  
in tegra ted  vehic le  moment 
reference center .  

Reference length.  

Mean aerodynamic chord. 

Elevon reference area.  

Rudder reference area. 

Wing reference area. 

V e r t i c a l  t a i l  reference area. 

La te ra l  t r a n s f e r  d i s tance  
between the  SRB base and the  
in tegra ted  vehic le  moment 
reference center .  

V e r t i c a l  t r a n s f e r  d i s tance  
between t h e  t o t a l  o r b i t e r  base 
area and t h e  in tegra ted  vehic le  
moment reference center .  
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TABLE I .  TEST C O N D I T I O I E  

1.30 

1.55 
1.40 

Mach Number 

.I. 6 3.2 x 10 

Reynolds Number 

0.3 
0.6 
0.7 

6 2.7 x 10 
3.5 x 106 

I 

0.8 
0.85 
0 . 9  

0.92 
9.94 
0.95 

0.96 
0.97 
0.98 

0.99 
1.1 

1.04 
1.05 
1.04 
1.05 

1.06 
1.08 
1.10 

1.15 
1.20 
1.25 

1.40 
1.55 

6 
6 3.0 x IC) 

3.0 x 13 

I Temperature. Stagnation 9 
Dynamic 

Pressure .  psf 

100 

1 
550 
575 
500 

605 
6 15 
620 

622 
625 
630 

634 
643 
644 

6 47 
652 
655 

1 1 

658 
662 
670 1 1 
684 
700 I I 
717 
735 
684 

630 
6 40 
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TABLE 11. (Continued) 

FORCE DATASETS 

Launch Vehicle Aerodynamic Coefficients 
Orbiter Aerodynamic Coefficients 
Wing Data Coefficients 
Pressure Data and Vertical Tail Data 
Miscellaneous 
ET Alone Aerodynamic Coefficients 
ET f Left and Right SRE (ET balance) 
Left SRB Aerodynamic Coefficients 
Right SEU3 Aerodynamic Coefficients 
Left SRB 
Right SRB 

PRESURE DATASETS 
P4CE$$ - Orbiter Base Coefficient of Pressure Data 
P4CF$$ - Body Flap (Bottom) Coefficient of Pressure Data 
P4CG$$ - Body Flap (Top) Coefficient of Pressure Data 
P4CL$$ - Left SRB Base Coefficient of Pressure Data 
P4CR$$ - Right SRB Base Coefficient of Pressure Data 
P4CT$$ - ET Base Coefficient of Pressure Data 

FORCE DATA - COEFFICIENT SCHEDULES 

LAUNCH VEHICLE 

Datasets R8NVO1 thru 32, 34 thru 37, 40 thru 98, A0 thru E9 

ALPHA@ BETA@ CNL CNFL CAL CAFL CLMFL CYFL CYNL CYNFL 
CBLF’L 

ORBITER 

Datasets R8N001 thru 32,  34 thru 37, 40 thru 98, A0 thru E9 

ALPHA@ BETA0 CNFd CAP@ CUD?@ CYF0 CYNF0 CBLF0 CNB0 
.CAB@ cLMB@ 

WING 

Datasets R8NWO1 thru 32,  34 thru 37, 40 thru 98, A0 thru E9 

ALPHA@ BETA@ CNW CBW CTW CHEI CHE0 IB-ELV @B-ELV PHI1 
ALPHA1 MACH 
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TABLE 11. ( C o n t i n u e d )  

FORCE DATA - COEFFICIENT SCHEDULES ( C o n t i n u e d )  

VERTICAL T A I L  

D a t a s e t s  R8NFO1 thru 3 2 ,  3 4  th ru  3 7 ,  40 thru 98, A 0  t h ru  E9  

ALPHA@ BETA@ C P 1  CP2 CP3 C P 4  CPBV RUDDER CHR CNVT 
CBVT CTVT 

MISCELLANEOUS 

D a t a s e t s  R8NMO1 th ru  3 2 ,  3 4  th ru  3 7 ,  4 0  thru 98, Ao  thru E 9  

ALPHA@ BETA@ ALFA@U BETA@U P T  P Q TT AFA BFA DEINLR 
D E ~ N L R  

EXTERNAL TANK 

D a t a s e t s  R8NTO1 thru 3 2 ,  34  th ru  3 7 ,  4 0  thru 98, A0 t h ru  E 9  

ALPHAT BETAT CNFT CAFT CLMFT CYFT CYNFT CBLFT CABT 
C P ~  ALPHA@ BETA@ 

(2)  SOLID ROCKET BOOSTERS + EXTERNAL TANK 

D a t a s e t s  R8NSO1 thru 3 2 ,  3 4  th ru  3 7 ,  40 th ru  98, A0  t h ru  E 9  

ALPHAT BETAT CNFTS CATS CAFTS CLMFTS CYFTS CYNTS 
CYNFTS CBLFTS ALFATU BETATU 

LEFT SRB 

D a t a s e t s  R8NLO1 th ru  3 2 ,  34 th ru  3 7 ,  40 th ru  98, A0 th ru  E 9  

ALPHAL BETAL CNFLS CAFLS CTXFLS CYFLS CYNFLS CBLLS 
CABLS CYNBLS CP5 CP6 

RIGHT SRB 

D a t a s e t s  R8NRO1 thru  3 2 ,  34  th ru  3 7 ,  4 0  t h ru  98, A0 t h r u  E9  

ALPHAR BETAR CNFRS CAFRS CLMFRS CYFRS CYNFRS CBLRS 
CABRS CYNBRS CP9 C P l O  
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TABLE 11. (Concluded) 

FORCE DATA - - - COEFFICIENT SCHEDULES (Concluded) 

LEFT SRB 

Datasets R8NNO1 t h r u  32 ,  34 t h r u  37 ,  40 t h r u  98, A 0  t h r u  E9 

ALPHAL BETAL CALS CYNLS ALFLSU BETLSU 

RIGHT SRB 

D a t a s e t s  R8NPO1 t h r u  32 ,  34 t h r u  37, 40 t h r u  98, Ao t h r u  E9 

ALPHAR BETAR CARS CYNRS ALFRSU BETRSU 

PRESSURE DATA - COMPONENTS 

Datasets P4CSO1 t h r u  3 2 ,  34 t h r u  37, 40 t h r u  98, A 0  t h r u  E9 
c o n t a i n  CP f o r  t a p s  loca ted  in t h e  fo l lowing  components: 

$ = E  

F 

c 

L 

R 

T 

ORBITER BASE 

BODY FLAP BOTTOM 

BODY FLAP TOP 

LEFT SRB BASE 

RIGHT SRB BASE 

ET BASE 
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TABLE 111. ELEVON DEFL;ECTION ANGLES 

Left Hand 
Nornirpl Measured 

- 7  

1.2 11.88 

19 9.99 

8 7.82 

Right Hand 
Measured 

12.12 

10.02 

8.19 

Left Hand 
Nominal Measured 

I -7 

Right Hand 
Measured 

rr -z 

2 

I 

2.90 1 1.88 

11.07 I 11.25 
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x o  0.00 

I 

Yo 2.10 

I 
X o  2'6.14 

c .  W i n g  Moment Reference Center 
Figure 1. Continued. 
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xo 28.29 

d. V e r t i c a l  S t a b i l i z e r  Moment Reference Center 
Figure 1. Continued. 
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. . -, 

e.  Definition of Vertical Stabilizer Coefficients 
Figure 1. Continued. 
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f. Deflnltion of Elevon and Rudder Hinge Moment Coefficients 
Figure 1. Concluded. 
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Tap 

30 1 
302 
Y O 0  
308 
311 
312 
314 
315 
316 
317 

- -- 

---- 

. / ,  . 

10.64 
10.1 
6.04 
9.50 
6.04 
8.78 
6.04 
8.28 
7.52 
6.8 

----- 

yo --- 
0 
0 
0 

-0.76 
-0.76 
-1.56 
-1.56 
-2.06 
-2.06 
-2.06 

, yo 
I ‘ 0  

Tap 

318 
319 
320 
32 1 
322 
323 
324 
32 5 
326 

-- =o 

6.04 
10.28 
9.84 
10.44 
9.4 
8.78 
9.3 
CAV 
CAV 

YO 

-2.06 
-1.1 
-1.76 
-2.00 
-1.92 
-2.14 
-2.6 

0 
0 

b. Orbiter Base Pressure Orifice Locations 
Figure 2. Continued. 
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P i t c h  P l a n e  F l o w  T 

-0.4 

A n g u l a r i t y ,  deg  

- 0 . 2  

t 
I I I I I I I I I ud 

-12 - 8  - 4  0 4 8 1 2  

ALFI  

S t i n g  P i t c h  Ang le ,  d e g  

Crossf low P l a n e  Flow 
Angularity,  deg BFA 0.6 T 

t 
I. I I I I I 1 I I I I I I 

-12 - 8  - 4  0 4 a 1 2  

S t i n g  P i t c h  Angle, d e g  A L F I  

h. P i t c h  Plane and Cross-Flow Plane Flaw Angularity 
Corrections f o r  Hi-Pitch System 

Figure 2. Continued. 
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APPENDIX 

TABULATED SOURCE DATA 
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